Summary
A retrospective study of 1000 patients who had undergone supratentorial neurosurgery and with prolonged follow-up revealed an overall postoperative incidence of epilepsy of 17%. The incidence varied with different pathologies but anticonvulsants given prophylactically in a randomized trial did not significantly alter the incidence. Routine anticonvulsant prophylaxis cannot be recommended.
Incidence and natural history
That there is an incidence of epilepsy following supratentorial surgery for non-traumatic pathology has long been recognized. Pond and his co-authors identified neurosurgery as a condition in which epilepsy was such a frequent complication that it constituted a prospective disability with respect to being licensed to drive in the United Kingdom", Though limited information about the frequency of postoperative seizures was available in a few conditions (eg aneurysm'', abscess"), the actual incidence of postoperative epilepsy following various supratentorial procedures was not clearly defined in a large series of consecutively treated patients. It was therefore decided to study the incidence occurring with the passage of time", together with any risk factors. Ideally the problem should have been studied prospectively but at least in the Mersey Regional Unit this was not possible because of the increasing tendency to use prophylactic anticonvulsants on a largely anecdotal basis. In order to obtain a prolonged follow-up (minimum of 5 years unless death intervened) a 5-year period (1970-1974 inclusive) was studied during which 1102 patients were admitted to the Unit and underwent consecutive supratentorial operations for non-traumatic lesions. One thousand patients were successfully traced". However, patients are reluctant to admit to seizures and hence it is probable that the incidences defined (overall 17%) are an underestimate'>, Two hundred and ninety-one patients, none of whom had had seizures previously, underwent a direct surgical approach for vascular lesions. There were 24 arteriovenous malformations, 15 spontaneous intracerebral haematomas and 252 aneurysms ( Table 1 ). In the case of aneurysms the seizure incidence varied from less than 8% in internal carotid aneurysms to 38% in middle cerebral artery aneurysms'r". If rupture of an aneurysm results in an intracerebral haematoma the risk is increased to 42%. Other authors have reported lower incidences following aneurysm surgery (eg a risk of 3%) but high risk features such as haematoma were excluded". In these cases" there was a remote history of epilepsy but this was not the case in either our previous studies 4 ,5 or in our subsequent studies of prophylactic anticonvulsantso" in which such cases were specifically excluded. Three hundred and ninety-nine patients underwent surgery for a supratentorial tumour". Sixty-one had a meningioma of which rather more than half were situated at the base. The overall seizure incidences are shown in Table 1 . Forty-four per cent of those patients who had had preoperative epilepsy had no seizures postoperatively (at least during the period of follow-up, ie a minimum of 5 years). The incidence of epilepsy developing de novo postoperatively was 22%. Three hundred and one patients were found to have gliomas of various degrees of differentiation and there were 37 metastases. The differences in the incidences of seizures (Table 1)9 following biopsy or craniotomy in patients with supratentorial malignant disease is not signifieanr'.
The incidences of postoperative seizures in other supratentorial pathologies are shown in Table 1 . After ventriculography, no correlation was found between the incidence of epilepsy and the contrast medium usedor the pathology', Other authors'? have however found higher postoperative seizure incidences (21%) following sub-frontal explorations for pituitary tumours. However, we originally reported upon 102 high risk patients given prophylactic anticonvulsants (carbamazepine or phenytoin for 6 months or 2 years) who were compared with historical controls. No reduction in the incidence of seizures was found? In order to take account of any management changes which might have occurred, eg as the result of the improvements in surgical and anaesthetic techniques, we decided that it was necessary to include a no treatment group in the study of prophylactic anticonvulsants" in the previously defined high risk patients with benign supratentorial conditions (Table 1) , ie those with a postoperative risk of 20% or more 4 ,5,l O. Overall the use of the chosen anticonvulsants in this controlled study" did not influence the incidence of postoperative seizures. There is however a suggestion that carbamazepine given for 6 months does reduce the incidence (Table 2) but the difference is not significant. If those in the 24-month carbamazepine treatment group are analysed at 6 months and added to the 6-month group this impression is not borne out.
There is a slight suggestion that the patients treated for 2 years with either drug have had fewer seizures at 6 months than those treated either for 6 months or receiving no anticonvulsant drugs. Why the 2-year group should be different at 6 months from the 6-month group remains unexplained and makes it likely that this non-significant difference is a chance finding.
It is possible that the use of anticonvulsants could alter the incidence of seizures during a particular time period. North et al. 14 reported that phenytoin given prophylactically was effective only between days 7 and 70 postoperatively. However, in the present study no difference was found between the active treatment and control non-treatment groups during the period between one week and 13 weeks (Table 3 ). Nor did we find that early seizures were significantly reduced in frequency (Table 3 ). Northl'' suggested that medication should be started one week before surgery if possible. Often, particularly in present day aneurysm To define the time scale ofthe risk of postoperative epilepsy the 877 patients who had had no prior history of epilepsy were considered". Jennett's definitions of early (ie within the first 7 days) and late epilepsy (that occurring thereafterj-! were adopted.
Early seizures occurred in only 6% of all patients. However, of all those who experienced postoperative seizures, 37% suffered an early seizure. The chance of de novo seizures occurring decreases with the passage of time; the maximum incidence of postoperative epilepsy occurred within the first 3 months and three-quarters of all patients who developed seizures had experienced their first within a year. Only 8% had their initial seizure more than 2 years after surgery. The overall risk does not fall below 10% until 6 months have passed but in some conditions this level of risk is not reached until much later, eg between 2 and 5 years in the arteriovenous malformation and spontaneous intracerebral haematoma groups'', There was no significant difference between the time of onset of the seizures (ie early/late) and the type of surgery or the condition for which it was undertaken, with the exception of ventriculography in which more than two-thirds had the first seizure within 7 days. Only patients who had had an abscess continued to have a risk of developing epilepsy beyond 5 years. It is of interest that unlike post-traumatic epilepsy-! early seizures did not increase the risk (21% as opposed to 26%) of late seizures" at least in those patients who have an overall risk of 20% or more.
Late seizures developed in 41% of the patients having early postoperative seizures. All five patients who developed early seizures after abscess surgery continued to have late seizures, but only 20% of those with early fits after ventriculography experienced continuing seizures. An early onset of seizures was more commonly associated, though not statistically significantly so, with surgery for anterior cerebral artery aneurysm than it was for aneurysms at other sites. In patients who developed early seizures only 13% of the patients who underwent surgery for an anterior communicating aneurysm subsequently developed late seizures, whereas all the patients who had an arteriovenous malformation or a spontaneous intracerebral haematoma continued to experience late seizures''.
Seizures were classified as either focal, grand mal or a combination of both. A single seizure was defined as either a grand mal or a focal seizure occurring in isolation. If a focal seizure became generalized it was accepted as being a single seizure. The type of seizure did not correlate with either early/late onset or the underlying pathology", However, 70% of patients in whom the early grand mal seizure started with a focal element, experienced late epilepsy. Single seizures were more common (48%) in the first week, compared to 5% thereafter. Furthermore the incidence varied; eg single seizures were common after ventriculography but did not occur after surgery for abscess or meningioma", Place of anticonvulsants North 12 has strongly advocated the use of prophylactic anticonvulsants in patients whose risk of developing postoperative seizures is in excess of 15%.
Deutschman and Haines-" in addition to advocating this policy also recommended the use of anticonvulsants prophylactically in those cases in which a surgery, this is not possible. In this study therapy was started at least 24 h before surgery. Ifthe explanation of the difference between North's findings and ours were due to an effect of the different preoperative loading times, we should have found a reduction in the late incidence. Status epilepticus occurring early in the postoperative period is felt to be a serious problem both prognostically and in terms of management. Neither anticonvulsants used altered the incidence during the early phase nor overall during the whole study (Table 4) .
Features associated with a tendency to a higher incidence of seizures include the duration of surgery, whether a lesion had been dissected off the surface of the brain and when surgery was undertaken for meningioma (46%) or aneurysm (34%) rather than suprasellar masses (15%). The numbers of patients in the other diagnostic groups were too small to be analysed separately". Prophylaxis has no significant differential effect with respect to pathology.
The increased number of seizures recorded following surgery for a left-sided lesion ( Table 5 ) may reflect the greater ease with which partial iieizures arising in the dominant hemisphere can be recognized as opposed to those which arise in the non-dominant one.
More patients who failed to be compliant, asjudged by serum anticonvulsant levels, when compared with the compliant, had seizures but this did not reach statistical significance. Similarly when considering the compliant against the control patients there is a n Seizure (%) suggestion that anticonvulsants reduce the incidence but the difference was not significant ( Table 6 ).
A major problem was the development of side effects which occurred in 17% of all patients on active treatment. The most frequent complication was that of skin rashes (13% of those at risk) some of which were very severe and went on to exfoliation. The incidence in those on active treatment was compared with that occurring in epilepsy clinics. No differences were found in the incidence of skin rash following the use of phenytoin; 5% in each. Marked differences were found with carbamazepine -20% in the study cases compared with 10% in the cases in epilepsy clinics.
It is likely that this incidence may be due to the rapid loading regimen adopted in the study group which led to high initial serum carbamazepine concentrations-",
The routine use of prophylactic anticonvulsant drugs cannot therefore be recommended. 
